Objective-To evaluate the relationship between arsenic exposure and oral cavity lesions among an arsenic-exposed population in Bangladesh.
Arsenic is a class 1 human carcinogen and associated with a variety of adverse health outcomes. [10] [11] [12] Chronic exposure to arsenic causes various types of skin lesions including raindrop pigmentation, hyper-pigmentation, hyperkeratosis, squamous cell carcinoma, basal cell carcinoma, and Bowen's disease. 10, 13 Such dermal effects are hallmarks of the early stages of arsenic poisoning and are thought to be precursors to the arsenic-induced cancers. 14 Signs and symptoms are also found on other tissues of the body including the tongue, gingival, and buccal mucosa. 15 Toxic metals have profound effects on oral health. Melanocytes present in the basal cell layer of the oral mucosa are similar to those found in the skin. 16 Oral cancer is the sixth most common cancer worldwide after oral cavity lesions and continues to be a growing health concern. 17 The annual estimated incidence is around 275,000 for oral cancers, twothirds of which occur in developing countries. 18 In particular, high levels of nickel and chromium were associated with oral cancer within the population in Taiwan. 19 In addition to these metals, arsenic can also cause similar oral health problems. For example, arsenic is toxic to vital pulp, which can cause severe damage to osteomyelitis of the jaw. 20 In a recent study in Bangladesh, 75.5% of participants showed swelled vallate papillae as an indication of arsenicosis. 21 Exposure to arsenic may also manifest buccal mucus membrane melanosis. 2 However, information on arsenic exposure and oral cavity lesions is very limited. To our knowledge, no study to date has measured the relationship between arsenic exposure and oral cavity arsenical lesions and its associated factors, particularly of the gums, lips, and tongue, in Bangladesh or elsewhere at the population level. In this context, the Health Effects of Arsenic Longitudinal Study (HEALS) data represents a valuable opportunity for investigating the association between arsenic exposure and oral cavity arsenical lesions.
Therefore, in this study, we aimed to explore the relationship between arsenic exposure and oral cavity lesions among arsenic-exposed people in Bangladesh. The information uncovered through this objective might be useful to develop appropriate strategies to support those affected in Bangladesh.
MATERIALS AND METHODS

Study area and population
We carried out a cross-sectional analysis utilizing baseline data from the HEALS cohort. Details of the HEALS study procedure have been presented elsewhere. 22, 23 Briefly, HEALS is an ongoing population-based cohort study to investigate both the short-term and long-term health outcomes associated with arsenic exposure through drinking water in Araihazar, Bangladesh. 22 Araihazar is located east of the capital city, Dhaka, with relatively homogeneous socio-cultural characteristics. The total study area is 25km 2 , which was divided into six segments within which six different study teams were primarily assigned to conduct the survey.
Between October 2000 and May 2002, the HEALS team enumerated 65,876 individuals residing in Araihazar, from which they identified a sampling frame of 14,828 eligible residents. Of these 14,828 individuals, 2,778 (19.0%) were not at home during any of the three attempted recruiting visits. Of the remaining 12,050 eligible residents, the team recruited 11,746 married individuals, aged 18-75 years who were residents of the study area for at least 5 years and primarily consumed drinking water from a local tube well, designated as an "index" tube well. Based on the pre-cohort survey list, six trained field staff teams conducted the recruitment and data collection. Each field teams consisted of two interviewers and one field physician. 22 Trained study physicians and research assistants, blinded to the arsenic measurements, conducted in-person interviews and clinical evaluations and collected spot urine and blood samples from the participants in their homes using a structured protocol.
Socio-demographic information was collected including well history, height, weight, and lifestyle characteristics in addition information regarding arsenic exposure related symptoms on gums, lips, and tongue. All information was collected by the trained study physicians and research assistants using a structured questionnaire. The questionnaire was pre-tested and corrected necessarily prior to data collection. Participants were examined by a trained physician for the presence of premalignant lesions in accordance with a structured protocol. The presence, location, and extent of lesion type were duly documented. At the time of recruitment, water sample was collected and arsenic levels tested for 5,966 wells in the study area. A spot urine sample was collected in 50ml acid-washed tubes at baseline 95.6% of the participants. Water and urine samples were kept in portable coolers (carried by the field team) immediately after collection and shipped to the USA within 1-2 months, and were barcoded to minimize sample-handling errors and maintain confidentially.
Arsenic exposure assessment
At the time of survey, participants identified one or more wells as their primary source of drinking water, on which basis concentration of arsenic exposure was assessed. Levels of arsenic concentration in the water of all wells in the study field were measured using Graphite Furnace Atomic Absorption spectrometry (GFAA), with a detection limit of 5.0μg/ L. Samples that fall below the limit of detection were subsequently reanalyzed by use of inductively coupled plasma-mass spectrometry, with a detection limit of 0.1μg/L. The study participants have been subject to a wide range of arsenic exposure at low-to-moderate levels, ranging from 0.1 to 864μg/L, with a mean of 101.6μg/L. 24 About 55.0% (n=6,489) of the participants were exposed to arsenic as per national level of 50μg/L. 22 All urine samples collected at baseline were analyzed for total arsenic concentration in urine by GFAA, with a detection limit of 2.0μg/L, at a laboratory in USA. The creatinine in urine was measured with a colourimetric diagnostics kit (Sigma, St Louis, MO, USA). The total arsenic in urine was then divided by the concentration of creatinine in the urine to obtain a creatinine-adjusted total arsenic concentration in the urine expressed as μg/g creatinine. Total arsenic in urine range was 7.0-5000.0μg/g creatinine. In this analysis, participants were classified according to the range of arsenic concentration recorded in urine (μg/g). The concentration of total arsenic in urine has often been used as an indicator of recent exposure because urine is the main route of excretion of most arsenic species. 25 
Outcome assessment
At baseline interview, arsenical lesions of the gums, lips, and tongue were ascertained by trained study physicians. The methods to ascertain arsenicosis have followed the surgical discipline for the quantitative assessment of the extent of body surface involvement in burn patients. 26 In HEALS, melanosis was defined as diffuse or spotted dark-brown or blackish areas on the skin against normal skin complexion. Leucomelanosis consists of hypopigmentation resembling pin heads or rain drops, typically on the body and keratosis consists of nodules or areas of thickening, which may be only palpable or visible on palms and soles. 27 Arsenicosis was diagnosed in the same manner for every segment of the body in the indirect sunlight and started from most unexposed part (ex: abdomen, thigh etc). The body was divided into 11 specific segments. Other pathologies of the oral cavity were defined as any kind of conditions (gum bleeding, discoloration due to betal leaf or smoking, angular stomatitis, blackening of tongue, fungal infection, etc) except arsenicosis symptoms, such as melanosis, leukomelanosis, and keratosis on the gums, lips, and tongue. Normal was defined as free from any symptoms.
Study physicians had sufficient training for the detection and diagnosis of arsenicosis 22 and recorded the presence or absence of arsenicosis of the gums, lips, and tongue. They were trained by external clinicians who are experts on the diagnosis of arsenical lesions in Bangladesh. In these analyses, "suggestive of arsenicosis" was defined as manifestations of any type of arsenicosis symptoms on the gums, lips, and tongue. Participants with arsenical lesions were re-examined by two external experts (a dermatologist from Dhaka Medical College and an occupational physician from the National Institute of Preventive and Social Medicine) to assess the reliability of the original diagnosis. The participants were reexamined at the field clinic in three separate rooms by the three raters (the study physician and two external experts). All raters used the same structured physical examination methods. The experts also checked the miss-classification rate between the lesions due to arsenic exposure and lesions due to others. About 85.0-90.0% of diagnoses were accurate by the study physicians in the field.
Measurement of lifestyle factors
To evaluate possible factors that might modify associations between arsenic exposure and oral cavity lesions, we collected detailed information on lifestyle factors, including cigarette smoking and betel leaf chewing. For the purpose of analysis, participants were categorized as current smoker or non-smoker and betel leaf chewing or not. Measured sociodemographic factors included sex, age, education, occupation, smoking (yes/no), betel leaf chewing (yes/ no), own cultivation land (yes/no), and TV in home (yes/no). We also collected data on Body Mass Index (BMI) (weight in kg divided by height in m 2 ).
The HEALS protocol was reviewed and approved by the institutional review boards of the University of Chicago, USA; Columbia University, USA; and the Bangladesh Medical Research Council, Bangladesh. Our study protocol was approved by the ethical committee of the Graduate School of Medicine, the University of Tokyo, Japan. Verbal consent was obtained from each eligible respondent who agreed to participate in the HEALS.
Statistical analysis
Pearson's correlation analysis was performed to describe the correlation between oral cavity arsenical lesions and socio-demographic characteristics, lifestyle characteristics, and urinary arsenic levels. Total arsenic in urine was divided into tertiles, with categories defined as low (7.0-134.0μg/g), medium (134.1-286.0μg/g), and high (286.1-352.0μg/g). Missing values were excluded during the correlations analysis.
Finally, multinomial multivariate regression models were created separately for the gums, lips, and tongue, with adjustment for potential confounders, to determine the factors associated with arsenical lesions. The types of conditions of oral cavity of the gums, lips, and tongue were coded as 1= normal, 2= arsenical lesions, and 3= other pathology. In the present study, 'normal' was used as the reference category. Urinary arsenic concentration levels were used with all other covariates. Differences were considered significant at P <0.05. All analyses were performed using STATA, version 11 (StataCorp LP, College Station, Texas, USA).
RESULTS
Out of 12,050 eligible participants, 11,746 were included in the HEALS baseline cohort. The response rate was 97.5%. Among 11,746 participants, 42.9% (n=5,042) were male and 57.1% (n=6,704) were female. The mean age of male participants was 41.6 (SD 9.9) years and female was 33.6 (SD 8.8) years. The difference was statistically significant (P<0.001). Table 1 shows the distribution of socio-demographic characteristics in relation to oral cavity lesions of the participants. The presence of arsenical lesions of the gums, lips, and tongue increased with age and were more common in male. Table 2 summarizes the distribution of lifestyle characteristics in relation to oral cavity arsenical lesions. An association between urinary arsenic levels and oral cavity lesions was observed in the tongue (P<0.05). We also observed significant differences between cigarette smoking and arsenical lesions of the gums, lips, and tongue. Table 3 shows the results of multinomial multivariate regression model examining the factors associated with arsenical lesions of the gums. Participants in the highest tertile of urinary arsenic levels (286.1-5000.0μg/g) were more likely to develop arsenical lesions of the gums [multinomial odds ratio (M-OR 2.90; 95% CI= 1.11-7.54)] than those in the lowest tertile (7.0-134.0μg/g). Females were less likely to develop arsenical lesions of the gums (M-OR 0.35; 95% CI= 0.13-0.92) than males. Our results also showed that manual workers were less likely to develop arsenical lesions of the gums (M-OR 0.39; 95% CI= 0.15-0.97), compared with unemployed/homemakers. The other covariates were not associated with arsenical lesions of the gums. With regard to other pathology, age was found to be significantly associated with developing other pathological conditions (blackening or bleeding) of the gums (M-OR 1.05; 95% CI=1.01-1.08). Our results also showed that participants with medium urinary arsenic levels (134.1-286.0μg/g) were more likely to develop other pathology of the gums (M-OR 2.25; 95% CI=1.02-4.97), compared with participants having low urinary arsenic levels of 7.0-134.0μg/g. Participants who smoke cigarettes were more likely to develop other pathologies of the gums (M-OR 3.20; 95% CI=1.39-7.39), compared to those who were not smokers. Table 4 shows the factors associated with lips' condition. We did not observe any statistically associated factors in developing arsenical lesions in the lips. In the case of other pathology in the lips, age was found to be significantly associated with developing other pathological conditions of the lips (M-OR 1.06; 95% CI=1.01-1.11). Smokers were more likely to develop other pathologies in the lips (M-OR 4.46; 95% CI=1.24-15.98), compared with the non-smokers. Moreover, 21 participants showed discoloration, fungal infections, and white coloration of the lips. Table 5 shows the association between urinary arsenic levels and arsenical lesions of the tongue. Participants in the highest tertile of urinary arsenic levels were more likely to develop arsenical lesions of the tongue (M-OR 2.79; 95% CI=1.51-5.15), compared with those in the lowest tertile. Our results also showed that participants age was significantly associated with arsenical lesions of the tongue (M-OR 1.03; 95% CI=1.00-1.05). However, other covariates did not show any statistical association with regard to arsenical lesions of the tongue. Regarding other pathology of the tongue, 57 participants exhibited symptoms beyond those suggestive of arsenicosis, including fungal infections, whitish coloration of the whole tongue, and tongue blacking. We also observed smokers were more likely to develop other pathology of the tongue (M-OR 2.49; 95% CI=1.10-5.62), compared with the nonsmokers.
DISCUSSION
Findings from this study suggest that a higher level of urinary arsenic concentration is associated with the higher risk of arsenical lesions of the gums and tongue. To our knowledge, this population-based study is the first study to examine the relationship between levels of urinary arsenic and oral cavity lesions. This result is supported by the prior claims that high levels of toxic-metals (nickel and chromium) have a detrimental impact on oral health. 19 In the present study, we provide further direct evidence that arsenic concentration in urine has a stronger association with arsenicosis symptoms of the gums and tongue. These findings imply that contamination of drinking water with arsenic might also be a risk factor for arsenicosis of the gums and tongue.
A lesion related to arsenic exposure is the early signals of the subsequent development of cancers 28 . Moreover, several studies highlighted that arsenic in drinking water is associated with cancers. [28] [29] [30] [31] [32] Exposure to toxic elements was implicated as a factor in the rapidly increasing rates of oral cancer in the population of Taiwan. 33 Thus, ecological studies have illustrated that high levels of nickel and chromium (toxic metals) in the soils are correlated with oral cancer incidence in Taiwan. 34, 35 Thus, arsenic-exposed populations may develop oral cancers of the gums and tongue. Our study suggests that safe drinking water programs might have positive impacts to decrease the rates of arsenical lesions of the gums and tongue.
In this study, females were less likely to develop arsenical lesions of the gums. This might be attributable to the higher arsenic methylation capabilities of females than males, which reduced their risk of developing arsenical lesions of the gums. This result is supported by several studies. 36, 37 In addition, one previous study showed that females of child-bearing age had significantly higher arsenic methylation capacity, compared to males. 38 We also found that manual workers (daily labor, farmer, factory workers, and other paid jobs) had fewer chances to develop arsenical lesions of the gums, compared to unemployed/ homemakers. Most of manual workers were males and about 94.0% (n=6,325) of female participants were homemakers. This result is supported by previous study that showed males had higher prevalent rate of arsenicosis than females. 39 In this study, we observed that males tended to drink less amounts of water (mean 2875ml) than females (mean 3095ml). Since males drank less amount of water, this might be a contributing factor in their lower susceptibility to develop oral cavity lesions of the gums. A recent study reported that lifestyle characteristics of females are most prevalent as they were unknowingly harming their health through increased exposure to arsenic. 40 Therefore, further studies should incorporate health education sessions targeting unemployed/homemakers and covering the health effects of arsenic exposure highlighted in their occupation in affected communities.
Consistent with a previous study 39 , our results found that age is associated with developing arsenical lesions of the tongue. It may be because older participants have lived in an arsenic endemic area for a longer period of time. However, health effects caused by arsenic poisoning, younger age people may have a higher tolerant ability for arsenic exposure than older age people. 39 Our study suggests a community-based awareness program for the agespecific arsenic-exposed population in Bangladesh.
In the present study, we observed that smokers have greater chances to develop other pathologies of the gums, lips, and tongue. Smoking is one of the major lifestyle factors influencing human health, and is also associated with poorer arsenic methylation capacity. It is also possible that some chemicals in cigarettes may play a significant role in the future development of oral cancer among arsenic-exposed populations. In a recent hospital-based case-control study and a prospective follow-up study in Taiwan showed that smoking was associated with higher MMA v percentage and lower DMA v percentage in the non-cancerous control participants. [41] [42] One previous study also observed that smoking has a large number of chemical carcinogens including arsenic which can result tissue-damaging effects in lips. 43 Since, about one-third (29.0%) of male participants were smokers in this study, community-based health education might be a fruitful approach to the management of common human cancers within arsenic-exposed populations in Bangladesh.
Although a relationship has been studied between quid chewing and increased risk of arsenic-induced skin lesions, 44, 45 our study showed no such association between betel leaf chewing and lesions of the gums, lips, and tongue. Recently, other studies also have found no association between betel leaf chewing and oral or oropharyngeal cancers. 46 This might be attributed to the reduced levels of carcinogenic substances added to certain products by tobacco manufacturing companies. 46 On the other hand, some people might not use lime or zarda, which might account for much of the associated risk for development of lesions of the oral cavity.
This study had three limitations. First, this study was limited by its cross-sectional analysis, which means that causality cannot be attributed. Nevertheless, the HEALS is a large-scale, methodologically rigorous epidemiological cohort study in a developing country setting where 60.0% of the participants were exposed to arsenic concentrations of 1-100μg/L. This provides a unique opportunity to assess different ranges of arsenic exposure and the associated health effects. Second, the present study only assessed arsenic concentration levels in the urine and oral cavity lesions of the participants. It is possible that some participants had other environmental exposures, which might affect on the arsenical lesions of oral cavity. A previous study indicated that arsenic and nickel concentrations in farm soils are associated with oral cancer. 34 Third, there might have possible errors during the diagnosis of arsenical lesions of oral cavity between the teams. However, to minimize possible diagnostic errors, participants were diagnosed by trained study physicians for the presence of premalignant lesions following the same protocol.
Despite these limitations, this study had several strengths. First, it used data from a large population-based prospective study. The large sample size enabled adjustment for a large number of potential confounders, and for a fully adjusted multivariate model. Second, although some participants were exposed to high levels of arsenic, most of the participants were exposed relatively low levels of arsenic, making our results generalizable to a wide range of exposures. In addition, the measurement of total arsenic in urine was available on all participants. Therefore, the present study findings will add important information for the protection of arsenic-exposed people in worldwide. Finally, the socio-demographic characteristics of Araihazar are similar to other rural areas of Bangladesh, which implies that inferences from these results may be extended to other regions of Bangladesh, where elevated arsenic concentrations in well water are a common phenomenon.
In conclusion, higher levels of arsenic exposure were positively associated with an increased risk of arsenical lesions of the gums and tongue. It is necessary to introduce suitable mitigation options and provide safe water to avoid such diseases among arsenic-affected people in Bangladesh. The government and related agencies should take effective interventions to minimize arsenic exposure because longer exposure might increase deaths among arsenic-exposed population.
Clinical Significance
• Arsenic exposure was significantly associated with arsenical lesions of the gums and tongue among an arsenic-exposed population in Bangladesh.
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